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Devwudfw= Wklv sdshu vhwv xs d prgho zklfk uhsolfdwhv wkh vw|ol}hg idfwv ri
wkh hfrqrplf dqg ghprjudsklf ghyhorsphqw ri zhvwhuq vrflhw| wkh odvw frxsoh ri
ploohqqld/ dv ghvfulehg e| Jdoru dqg Zhlo +DHU/ 4<<<,1 Xqghu dq lqlwldo Pdowkx0
vldq Uhjlph wkh jurzwk udwhv ri srsxodwlrq dqg lqfrph duh erwk orz/ dqg wkh
uhodwlrq ehwzhhq lqfrph dqg srsxodwlrq jurzwk lv srvlwlyh1 Wkhuhdiwhu iroorzv d
Srvw0Pdowkxvldq Uhjlph/ zkhuh wkh jurzwk udwhv ri lqfrph dqg srsxodwlrq duh
kljkhu/ exw wkh uhodwlrq ehwzhhq lqfrph dqg srsxodwlrq jurzwk lv vwloo srvlwlyh1
Ilqdoo|/ wkh hfrqrp| wudqvlwv lqwr d Prghuq Jurzwk Uhjlph/ lq zklfk wkh srs0
xodwlrq jurzwk udwh lv orz/ exw wkh jurzwk udwh ri lqfrph lv kljkhu wkdq lq wkh
Srvw0Pdowkxvldq Uhjlph/ dqg wkh uhodwlrq ehwzhhq lqfrph dqg srsxodwlrq jurzwk
lv qhjdwlyh1 Wkh prgho*v wudqvlwlrq iurp wkh ￿uvw uhjlph wr wkh vhfrqg iroorzv iurp
d srsxodwlrq h{whuqdolw|= dv wkh hduwk ehfrphv pruh srsxodwhg wudqvplwwlqj vnloov
irup rqh jhqhudwlrq wr wkh qh{w ehfrphv pruh h￿hfwlyh1 Wkh wudqvlwlrq iurp wkh
vhfrqg uhjlph wr wkh wklug rffxuv zkhq sduhqwdo kxpdq fdslwdo uhdfkhv d fulwl0
fdo ohyho dw zklfk dowuxlvwlf frqfhuqv iru fkloguhq*v hgxfdwlrq ehfrphv rshudwlyh/
wuljjhulqj d vxevwlwxwlrq iurp txdqwlw| wr txdolw| ri fkloguhq141 Lqwurgxfwlrq
Lq wkh klvwru| ri pdqnlqg wkh ohyho ri kxpdq srsxodwlrq dqg olylqj vwdqgdugv kdyh
uhpdlqhg idluo| frqvwdqw iru prvw ri wkh wlph1 Wkh vxgghq lqfuhdvh lq lqfrph wkdw
fdph zlwk wkh lqgxvwuldo uhyroxwlrq 533 |hduv djr lv d yhu| uhfhqw skhqrphqrq/
dqg vr lv wkh lqlwldo ulvh ￿dqg vxevhtxhqw idoo ￿ lq srsxodwlrq jurzwk wkdw iroorzhg
lw1
Wklv kdv jlyhq eluwk wr d qxpehu ri wkrxjkw suryrnlqj txhvwlrqv1 Zkdw fdxvhg
wkh lqgxvwuldo uhyroxwlrq lq wkh ￿uvw sodfh/ dqg zk| glg lw wdnh vr orqj wlphB Zdv
lw lqhylwdeohB Frxog lw kdyh frph dw dqrwkhu srlqw lq wlphB
D uhfhqw dqg h{sdqglqj jurzwk olwhudwxuh wdnhv rq wklv fkdoohqjh14 Zlwklq
rqh xql￿hg iudphzrun/ lw dlpv wr h{sodlq erwk wkh vwdjqdqw ohyhov ri lqfrph dqg
srsxodwlrq iru orqj shulrgv ri wlph/ wkh uhfhqw dqg vxgghq ulvh lq lqfrph jurzwk
+zklfk vr idu vhhpv wr eh vxvwdlqhg lqgh￿qlwho|,/ dqg wkh dvvrfldwhg fkdqjhv lq
srsxodwlrq jurzwk1
Lq sduwlfxodu/ wkh ghprjudsklf dqg hfrqrplf ghyhorsphqw ri wkh Zhvwhuq
Zruog wkh odvw frxsoh ri ploohqqld kdv ehhq ghvfulehg e| Jdoru dqg Zhlo +4<<<,
dv sdvvlqj wkurxjk wkuhh vwdjhv/ ru uhjlphv1 Wkh ￿uvw lv fdoohg wkh Pdowkxvldq
Uhjlph/ lq zklfk srsxodwlrq dqg vwdqgdugv ri olylqj duh yluwxdoo| frqvwdqw +dw
orz ohyhov zlwk wrgd|*v vwdqgdugv, ru jurz yhu| vorzo|1 Dovr/ wkh uhodwlrqvkls
ehwzhhq shu0fdslwd lqfrph dqg srsxodwlrq jurzwk lv srvlwlyh= vpdoo lqfuhdvhv lq
lqfrph ohdg wr lqfuhdvhg srsxodwlrq jurzwk1 Wklv uhjlph suhydlov iurp durxqg
|hdu }hur wr wkh odwh 4;wk fhqwxu|/ zkhuhdiwhu wkh hfrqrp| wudqvlwv lqwr zkdw
Jdoru dqg Zhlo fdoo d Srvw0Pdowkxvldq Uhjlph/ zlwk lqfuhdvhg jurzwk udwhv ri
erwk srsxodwlrq dqg shu0fdslwd lqfrph/ uh hfwlqj wkdw wkh uhodwlrqvkls ehwzhhq
srsxodwlrq jurzwk dqg lqfrph uhpdlqv srvlwlyh/ dv lq wkh Pdowkxvldq Uhjlph1
Wkh ￿qdo vwdjh ri wkh ghyhorsphqw lv wkh Prghuq Jurzwk Uhjlph/ vwduwlqj wr0
zdugv wkh hqg lq wkh 4<wk fhqwxu|/ lq zklfk shu0fdslwd lqfrph vsxuwv/ zkhuhdv
srsxodwlrq jurzwk idoov/ dqg lq vrph fdvhv ehfrphv qhjdwlyh/ uh hfwlqj d qhjdwlyh
uhodwlrqvkls ehwzhhq lqfrph dqg srsxodwlrq jurzwk1
Kdqvhq dqg Suhvfrww +4<<;, dqg Mrqhv +4<<<, prgho wkh jhqhudo wudqvlwlrq
iurp vwdjqdwlrq wr jurzwk/ exw gr qrw h{solflwo| fdswxuh wkh wkuhh glvwlqfw uhjlphv/
dv ghvfulehg e| Jdoru dqg Zhlo +4<<<,1 Jdoru dqg Zhlo +5333, surylghv d prgho
zklfk uhsolfdwhv wkh vw|ol}hg idfwv wkh| rxwolqh lq wkhlu 4<<< sdshu1 Rqh ri wkh
gulylqj dvvxpswlrqv lv wkdw ri wkh lqwhudfwlrq ehwzhhq whfkqrorjlfdo surjuhvv dqg
wkh uhwxuq wr hgxfdwlrq= idvwhu whfkqlfdo fkdqjh ohdgv wr d kljkhu uhwxuq wr hgxfd0
wlrq1 Zlwk d vfdoh h￿hfw iurp srsxodwlrq vl}h rq whfkqrorjlfdo jurzwk +dqg pdq|
rwkhu dvvxpswlrqv> wkh prgho lv txlwh ulfk, wkh| vkrz krz wkh hfrqrp| wudqvlwv
4Dq lqfrpsohwh olvw lqfoxghv Kdqvhq dqg Suhvfrww +4<<;,/ Mrqhv +4<<<,/ dqg Jdoru dqg Zhlo
+4<<</ 5333,1
5wkurxjk doo wkuhh uhjlphv1
Wklv sdshu xqghuwdnhv rq wkh vdph wdvn/ exw lq d prgho zklfk lq rxu ylhz lv
pruh vlpsoh wr xqghuvwdqg1 Wkh iudphzrun lv d yhuvlrq ri wkh zrunkruvh prgho
xvhg e| Ehfnhu/ Pxusk| dqg Wdpxud +4<<3,/ Hkuolfk dqg Oxl +4<<4,/ dqg Wdpxud
+4<<9,1 Djhqwv duh eruq zlwk d fhuwdlq dprxqw ri vnloov/ ru kxpdq fdslwdo/ dqg
pdnh d ghflvlrq rq krz pxfk wr hgxfdwh hdfk fklog/ dqg krz pdq| fkloguhq
wr uhdu1 Wkh ghprjudsklf wudqvlwlrq vhwv lq dv wkh qrq0qhjdwlylw| frqvwudlqw rq
hgxfdwlrq wlph vwrsv wr eh elqglqj/ dqg sduhqwv vwduw lqyhvwlqj wlph lq wkhlu
r￿vsulqj/ l1h1/ wkh| vxevwlwxwh txdqwlw| iru txdolw|1 Rqh lpsruwdqw qryhow| lv dq
dvvxpswlrq derxw wkh surgxfwlylw| lq wkh kxpdq fdslwdo vhfwru ri wkh hfrqrp|/
zklfk lv dvvxphg wr lqfuhdvh zlwk srsxodwlrq vl}h/ lq d pdqqhu vlplodu wr Jdoru
dqg Zhlo +5333,1
Rqh lqwhuhvwlqj dqg qhz uhvxow lv derxw wkh lqhylwdelolw| ri wkh lqgxvwuldo uhy0
roxwlrq1 Lq Jdoru dqg Zhlo +5333, wkh hfrqrp| fdqqrw uhpdlq lq d Pdowkxvldq
vwhdg| vwdwh iruhyhu/ exw pxvw wudqvlw lqwr d Srvw0Pdowkxvldq skdvh dw vrph vwdjh1
Vlploduo|/ lq Mrqhv +4<<<, wkh lqgxvwuldo uhyroxwlrq lv lqhylwdeoh/ dowkrxjk lwv wlp0
lqj lv vhqvlwlyh wr wkh fkrlfh ri sdudphwhu ydoxhv1 +D fkdqjh lq wkh iudfwlrq ri
rxwsxw sdlg wr surshuw| uljkw rzqhuv lv d qhfhvvdu| hohphqw iru wkh lqgxvwuldo
uhyroxwlrq wr wdnh sodfh dw doo1,
Lq frqwudvw/ rxu prgho vxjjhvwv wkdw wkh lqgxvwuldo uhyroxwlrq zdv qrw dw doo
lqhylwdeoh/ exw wkdw lqlwldo ohyhov ri srsxodwlrq dqg kxpdq fdslwdo zhuh lpsruwdqw1
Lq rxu vhwwlqj/ wkh Pdowkxvldq Uhjlph lv qrw d vwhdg|0vwdwh htxloleulxp ^ru hyhq
d whpsrudu| vxfk/ dv lq Jdoru dqg Zhlo +5333,‘/ exw udwkhu wkh rssrvlwh= wkh
ihdwxuhv ri wkh Pdowkxvldq Uhjlph suhydlov dv wkh hfrqrp| lv orfdwhg yhu| forvh wr
dq xqvwdeoh vwhdg| vwdwh1 Iru orqj shulrgv ri wlph/ wkh hfrqrp| ehkdyhv doprvw
dv li lw zdv dfwxdoo| orfdwhg dw wkh yhu| vwhdg| vwdwh/ exw dv wlph jrhv e| wkh
xqvwdeoh ihdwxuhv ri wkh v|vwhp wdnhv ryhukdqg1 Li wkh hfrqrp| vwduwv r￿ voljkwo|
deryh wkh fulwlfdo ohyhov ri srsxodwlrq dqg kxpdq fdslwdo/ lw zloo sdvv wkurxjk wkh
wkuhh uhjlphv> li lw vwduwv r￿ voljkwo| ehorz/ lw zloo glvsod| idluo| frqvwdqw ohyhov ri
srsxodwlrq dqg kxpdq fdslwdo iru orqj shulrgv ri wlph/ exw hyhqwxdoo| srsxodwlrq
dqg kxpdq fdslwdo zloo idoo/ dqg wkh hfrqrp| ydqlvk1 Wklv lv frqvlvwhqw zlwk wkh
￿qglqjv ri Nuhphu +4<<6,1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv xs wkh
prgho/ ghvfulelqj wkh suhihuhqfhv dqg wkh exgjhw frqvwudlqwv1 Vhfwlrq 516 suhvhqwv
wkh g|qdplfv= ￿uvw zkhq hgxfdwlrq wlph lv frqvwudlqhg wr }hur +Vhfwlrq 51614,/
dqg wkhq zkhq hgxfdwlrq wlph rshudwlyh +Vhfwlrq 51618,1 Vhfwlrq 6 hqgv zlwk d
frqfoxglqj glvfxvvlrq/ iru lqvwdqfh derxw wkh uroh ri pruwdolw|1
651 Wkh Prgho
Frqvlghu wkh iroorzlqj ryhuodsslqj0jhqhudwlrqv prgho1 Djhqwv olyh iru wzr shul0
rgv= fklogkrrg/ dqg dgxowkrrg1 Dv fkloguhq/ wkh| pdnh qr ghflvlrqv/ exw lpsrvh
fhuwdlq frvwv iru wkhlu sduhqwv/ lq whupv ri frqvxpswlrq jrrgv/ dqg wlph1 Wkh wlph
vshqw rq fkloguhq exlogv xs wkhlu kxpdq fdslwdo1 Djhqwv wkhq hqwhu dgxowkrrg/
zlwk wkh kxpdq fdslwdo exlow xs lq wkh suhylrxv shulrg1 Wkh| doorfdwh wlph eh0
wzhhq zrunlqj lq d frqvxpswlrq jrrgv vhfwru/ dqg d kxpdq fdslwdo vhfwru1 Wkh|
dovr ghflgh rq krz pdq| fkloguhq wr uhdu/ jlyhq exgjhw frqvwudlqwv iru wlph dqg
jrrgv1
5141 Exgjhw frqvwudlqwv
Ohwwlqj doo surgxfwlrq wdnh sodfh lq wkh krxvhkrog vhfwru/ shulrg | rxwsxw ri wkh
frqvxpswlrq jrrg lv jlyhq e|
t| ’ ￿,|Eu n M|￿/ +514,
zkhuh t| lv rxwsxw/ ￿ lv d surgxfwlylw| sdudphwhu/ ,| lv wlph lqsxw lq wkh frq0
vxpswlrq jrrg vhfwru/ dqg u n M| ghqrwhv wkh wlph0dxjphqwlqj kxpdq fdslwdo1
Zkhuhdv hyhu| djhqw lv eruq zlwk u xqlwv ri kxpdq fdslwdo/ uhjdugohvv ri zkhwkhu
ru qrw khu sduhqw lqyhvwhg lq khu kxpdq fdslwdo/ M| phdvxuhv wkh kxpdq0fdslwdo
frpsrqhqw lqkhulwhg iurp sduhqwv1
Jrrgv surgxfhg duh vshqw rq frqvxpswlrq e| wkh dgxow dqg khu fkloguhq=
t| ’ ￿| n ^￿|/ +515,
zkhuh ￿| lv wkh dgxow*v frqvxpswlrq/ ^ lv hdfk fklog*v frqvxpswlrq +h{rjhqrxv
dqg frqvwdqw ryhu wlph,/ dqg ￿| lv wkh qxpehu ri fkloguhq1
Wkh wlph exgjhw frqvwudlqw lv jlyhq e|
A ’ ,| nE ￿ n ￿|￿￿|/ +516,
zkhuh A lv wkh wrwdo dprxqw ri wlph dydlodeoh iru hdfk djhqw +zklfk lv khuh dvvxphg
wr eh frqvwdqw ryhu wlph,/ dqg ￿ n ￿| lv wkh wlph vshqw rq hdfk fklog1 Wkh
frpsrqhqw ￿ lv d ￿{hg wlph frvw ri uhdulqj d fklog/ zklfk fdq eh lqwhusuhwhg
dv wkh wlph uhtxluhg wr uhdu dqg qxuvh fkloguhq mxvw wr nhhs wkhp dolyh1 Wkh
frpsrqhqw ￿| lv wkh wlph vshqw hgxfdwlqj hdfk fklog/ zklfk lv d fkrlfh yduldeoh wr
wkh sduhqw/ dqg vxemhfw wr d qrq0qhjdwlylw| frqvwudlqw1 Lq rwkhu zrugv/ sduhqwv
pxvw vshqw dw ohdvw ￿ xqlwv ri wlph rq hdfk fklog> li wkh| zdqw wr vshqg ohvv wlph
rq fkloguhq wkh| pd| uhgxfh hlwkhu wkh qxpehu ri fkloguhq +￿|,/ ru wkh hgxfdwlrq
ri hdfk fklog +￿|,1
7Wkh surgxfwlrq ixqfwlrq iru kxpdq fdslwdo wdnhv wkh irup
M|n￿ ’ ￿| du n M|oE4￿ n ￿|￿/ +517,
zkhuh ￿| lv d surgxfwlylw| sdudphwhu +zklfk lv hqgrjhqrxv/ exw wdnhq dv ￿{hg e|
hdfk dwrplvwlf djhqw> pruh rq wkdw ehorz,/ dqg 4￿ phdvxuhv wkh gluhfw lqkhulwdqfh
ri kxpdq fdslwdo iurp rqh jhqhudwlrq wr wkh qh{w/ zkhuh 4 5 Efc￿￿1 Rqh zd| wr
wklqn derxw wklv lv wkdw wkh wlph vshqw uhdulqj dqg qxuvlqj hdfk fklog +zklfk wkh
sduhqw lv h￿hfwlyho| frqvwudlqhg xqghuwdnh, wr vrph h{whqw dggv wr wkh kxpdq
fdslwdo ri wkh fklog/ exw qrw dv h￿hfwlyho| dv wkh wlph vshqg hgxfdwlqj wkh fklog1
Iru lqvwdqfh/ wdonlqj dqg lqwhudfwlqj zlwk d fklog whdfkhv lw fhuwdlq odqjxdjh
vnloov/ dqg d edvlf dftxdlqwdqfh zlwk wkh whuplqrorj| wkh sduhqw xvhv1 Lq iduplqj
krxvhkrogv/ fkloguhq zkr zrun zlwk wkhlu sduhqwv lq wkh ￿hogv pd| dffxpxodwh
fhuwdlq vnloov/ zlwkrxw uhgxflqj wkh dprxqw ri wlph sduhqwv kdyh dydlodeoh iru
frqvxpswlrq jrrgv surgxfwlrq +,|,1 Lq rxu vhwwlqj/ wklv dxwrpdwlf vsloo0ryhu zloo
eh gulylqj jurzwk dw hduo| vwdjhv ri hfrqrplf ghyhorsphqw/ zkhuh ￿| ’f 1
Wkh h￿hfwlyhqhvv zlwk zklfk rqh jhqhudwlrq wudqvplwv lwv kxpdq fdslwdo wr
wkh qh{w +￿|, lv dvvxphg wr ghshqg rq wrwdo srsxodwlrq vl}h=
￿| ’ ￿E￿|￿/ +518,
zkhuh ￿| lv wkh srsxodwlrq vl}h lq shulrg |/ zklfk hyroyhv g|qdplfdoo| dffruglqj
wr
￿|n￿ ’ ￿|￿|1 +519,
Zh dvvxph wkh iroorzlqj=
Dvvxpswlrq 41 ￿ G -nn $ Efc￿ W￿ vdwlv￿hv
￿
￿E￿|￿ : f ;￿| : f +51:,
*￿4
￿|<" ￿E￿|￿’￿
W ￿ 41 +51;,
Wklv ￿srsxodwlrq h{whuqdolw|￿ vhuyhv wr fdswxuh wkh lghd wkdw fkloguhq ohduq
vrph ri wkhlu vnloov iurp qhljkerulqj krxvhkrogv/ shukdsv lq sduwlfxodu iurp rwkhu
fkloguhq1 Srsxodwlrq ghqvlw| +dqg wkxv srsxodwlrq vl}h/ dw d jlyhq vl}h ri odqg,
vkrxog wkhuhiruh lq xhqfh wkh h￿hfwlyhqhvv zlwk zklfk kxpdq fdslwdo lv wudqv0
plwwhg ehwzhhq jhqhudwlrqv1 Wr nhhs wklqjv vlpsoh/ zh fkrvh wr eodfn0er{ wklv
phfkdqlvp/ e| vlpso| srvwxodwlqj wkdw ￿| ghshqgv rq ￿|1 Rqh zd| wr prgho wkh
kxpdq fdslwdo dftxlvlwlrq surfhvv lq pruh ghwdlo frxog eh wr doorz iru khwhurjhqh0
lw| ehwzhhq krxvhkrogv lq w|shv ri kxpdq fdslwdo/ dqg ohw hdfk qhz jhqhudwlrq/ lq
8hdfk krxvhkrog/ ohduq vrph ri lwv vnloov iurp qhljkerulqj krxvhkrogv1 Wkh forvhu
duh wkh qhljkeruv/ wkh kljkhu lv wkh djjuhjdwh surgxfwlylw| lq wudqvplwwlqj kxpdq
fdslwdo ehwzhhq jhqhudwlrqv1
Lq wkh qxphulfdo vlpxodwlrqv/ zh vkdoo suhyhqw ￿| iurp idoolqj ryhu wlph1 Wklv
vhuyhv wr uxoh rxw idoolqj surgxfwlylw| zkhq wkh hfrqrp| uhdfkhv wkh Prghuq
Jurzwk Uhjlph/ zkhuh srsxodwlrq jurzwk lv qhjdwlyh1 Lq wkh vlpxodwlrqv/ zh
vkdoo wkhuhiruh ohw
￿| ’ 4@ i￿|3￿c￿E￿|￿j1 +51<,
Dq lqwxlwlyh prwlydwlrq iru +51<, lv wkdw wkh hgxfdwlrqdo lqvwlwxwlrqv zklfk kdyh
rqfh ehhq hvwdeolvkhg gxh wr d vx!flhqwo| odujh srsxodwlrq zloo qrw glvdsshdu li wkh
srsxodwlrq vwduwv wr idoo1 Lq wkh vlpxodwlrqv/ wkh Pdowkxvldq dqg Srvw0Pdowkxvldq
Uhjlphv zloo eh fkdudfwhul}hg e| jurzlqj srsxodwlrq/ vr +51<, zloo qrw pdwwhu
wkhuh1 Krzhyhu/ li srsxodwlrq idoov +dv lw zloo lq wkh Prghuq Jurzwk Uhjlph, dqg
kxpdq0fdslwdo surgxfwlylw| idoov zlwk lw/ wkdw frxog sxvk wkh hfrqrp| edfn lqwr
d qhz Pdowkxvldq Uhjlph/ fuhdwlqj f|fohv/ zklfk lv qrw d srvvlelolw| zh zdqw wr
sxuvxh khuh1
5151 Suhihuhqfhv
Dq dgxow djhqw dfwlyh lq shulrg | +uhihuuhg wr dv djhqw |, pd{lpl}hv d xwlolw|
ixqfwlrq jlyhq e|
L| ’ *?E￿|￿nk*?E￿|￿nkB*?Eu n M|n￿￿ +5143,
vxemhfw wr wkh deryh exgjhw frqvwudlqwv +514, wr +517,1 Zh dvvxph wkdw B 5 Efc￿￿
+wr jxdudqwhh wkh h{lvwhqfh ri dq lqwhulru vroxwlrq,/ dqg wkdw k:f1 Lq +5143, wkh
vhfrqg whup phdvxuhv wkh xwlolw| ri txdqwlw| ri fkloguhq/ zkhuhdv wkh wklug whup
phdvxuhv wkh xwlolw| ri txdolw|/ zklfk lv khuh vlpso| jlyhq e| wkh wrwdo kxpdq
fdslwdo ri wkh r￿vsulqj +unM|n￿,1 Wklv frxog eh lqwhusuhwhg dv d uhgxfhg irup ri
dq rog0djh vhfxulw| prwlyh iru uhdulqj fkloguhq/ dv lq Qlvklpxud dqg ]kdqj +4<<5,/
dqg Odjhuoøi +4<<:,1 Dowhuqdwlyho|/ rqh frxog vhw xs d ￿g|qdvwlf￿ xwlolw| ixqfwlrq/
zkhuh wkh sduhqw fduhv derxw wkh wrwdo zhoiduh ri wkh fkloguhq/ exw wkdw zrxog
frpsolfdwh pdwwhuv gxh wr wkh qrq0qhjdwlylw| frqvwudlqw rq ￿|/ zklfk zrxog pdnh
wkh ydoxh ixqfwlrq qrq0gl￿huhqwldeoh1 ^Wklv sureohp kdv ehhq srlqwhg rxw e| h1j1
Wdpxud +4<<9/ Irrwqrwh 44,1‘
Ohwwlqj wkh zhljkw rq txdolw| eh zulwwhq dv kB lv vlpso| iru qrwdwlrqdo frqyh0
qlhqfh1
Ehiruh pd{lpl}lqj +5143, lw lv zruwkzkloh wr uhzulwh wkh exgjhw frqvwudlqwv
+514, wr +516, dv
9￿| ’ ￿A du n M|o ￿ ~|￿|/ +5144,
zkhuh ￿A du n M|o lv ￿ixoo￿ lqfrph +wkh dprxqw ri wkh frqvxpswlrq jrrg wkdw d
sduhqw zrxog surgxfh li uhdulqj qr fkloguhq,/ dqg
~| ’ ^ nE ￿ n ￿|￿￿ du n M|o +5145,
lv wkh wrwdo frvw shu fklog +frqvxpswlrq jrrgv frvw dqg wlph frvw,1





￿ ￿A du n M|o
~|
/ +5146,
l1h1/ vshqglqj rq fkloguhq lv d frqvwdqw iudfwlrq ri ixoo lqfrph/ iroorzlqj iurp wkh
orjdulwkplf xwlolw|1 Qh{w/ zh pd| vxevwlwxwh +5146, edfn lqwr wkh xwlolw| ixqfwlrq
lq +5143,/ dqg xvh +5144, dqg +5146, wr vxevwlwxwh dzd| ￿|1 Glvuhjduglqj dgglwlyh
whupv/ zklfk duh wdnhq dv frqvwdqw e| djhqw | +vxfk dv M|,/ zh pd| zulwh wkh qhz
xwlolw| ixqfwlrq dv
h L| ’ B*? iu n ￿| du n M|oE4￿ n ￿|￿j￿*? i^ nE ￿ n ￿|￿￿ du n M|oj1 +5147,
Wkh ￿uvw whup lq +5147, phdvxuhv wkh txdolw| frpsrqhqw ri fkloguhq/ zklfk
wkh djhqw fdq lqfuhdvh e| udlvlqj hgxfdwlrq wlph +￿|,> wkh vhfrqg whup phdvxuhv
wkh frvw ri lqfuhdvlqj ￿| lq whupv ri uhgxfhg txdqwlw| +￿|,/ iroorzlqj iurp kljkhu
shu0fklog frvw +~|,1












Wkh zhdn lqhtxdolw| lq +5148, iroorzv iurp wkh qrq0qhjdwlylw| frqvwudlqw rq
￿|= li wkh uljkw0kdqg vlgh ri +5148, lv qhjdwlyh ￿| ’f+dqg wkh lqhtxdolw| lv vwulfw,>
rwkhuzlvh +5148, krogv zlwk htxdolw|1
5161 G|qdplfv
Wr dqdo|}h wkh g|qdplfv ri wkh kxpdq fdslwdo vwrfn dqg wkh srsxodwlrq vl}h zh
glvwlqjxlvk ehwzhhq wzr vlwxdwlrqv= rqh zkhuh hgxfdwlrq wlph lv frqvwudlqhg }hur/
dqg rqh zkhuh lw lv rshudwlyh1 Wkh ￿uvw fdvh suhydlov gxulqj wkh Pdowkxvldq/
dqg +dv wkh g|qdplfv hyroyhv, Srvw0Pdowkxvldq Uhjlphv> wkh vhfrqg gxulqj wkh
Prghuq Jurzwk Uhjlph1
:Sursrvlwlrq 41 ￿| : f li
￿| ’ ￿E￿|￿ :
u
^B
￿ n ￿EB ￿4￿￿Eu n M|￿
/ +5149,
dqg ￿| ’frwkhuzlvh1
Surri1 Iroorzv gluhfwo| iurp +5148,1

















Zh vkdoo pdnh wkh iroorzlqj dvvxpswlrq=
Dvvxpswlrq 51
￿
W^￿￿ u ￿ +514;,
Iurp Dvvxpswlrq 5 dqg +514:, iroorzv wkdw hgxfdwlrq wlph lv dozd|v lqfuhdvlqj
lq wkh sduhqwdo kxpdq fdslwdo vwrfn1 Wklv srvlwlyh uhodwlrq ehwzhhq wkh wlph frvw
ri fkloguhq dqg sduhqwdo kxpdq fdslwdo lv zkdw ohdgv wr wkh qhjdwlyh uhodwlrq
ehwzhhq sduhqwdo kxpdq fdslwdo dqg ihuwlolw| lq wkh Prghuq Jurzwk Uhjlph1
516141 Wkh g|qdplf v|vwhp zkhq ￿| ’f
Frqvlghu ￿uvw wkh fdvh zkhuh hgxfdwlrq wlph lv frqvwudlqhg wr }hur= ￿| ’f 1 Zh duh
lqwhuhvwhg lq wkh g|qdplf ehkdylru ri wkh srsxodwlrq/ ￿/ dqg wkh kxpdq fdslwdo
vwrfn/ M/ wkh odwwhu ehlqj d sur{| iru lqfrph/ ru hfrqrplf ghyhorsphqw1
Lq wklv vhfwlrq/ zh vkdoo w|slfdoo| frqvlghu htxloleuld zkhuh wkh srsxodwlrq vl}h
lv jurzlqj/ dqg wkh lqlwldo kxpdq0fdslwdo surgxfwlylw|/ ￿f/ lv orz hqrxjk dv wr
pdnh ￿| jurzlqj ryhu wlph1 Wkhuhiruh/ lw zloo qrw pdwwhu li zh xvh +518, ru +51<,=
￿| ’ ￿E￿|￿ lq erwk fdvhv1 Krzhyhu/ wkh skdvh gldjudpv duh gudzq vr wkdw wkh|
duh irupdoo| qrw frqvlvwhqw zlwk +51<,1
Vhwwlqj ￿| ’f / dqg ￿| ’ ￿E￿|￿/ lq wkh kxpdq fdslwdo surgxfwlrq ixqfwlrq
+517,/ zh fdq zulwh
M|n￿ ’ ￿E￿|￿d u n M|o4￿1 +514<,
Vlploduo| iru wkh g|qdplfv ri wkh srsxodwlrq lq +519,/ xvlqj wkh h{suhvvlrq iru
￿| lq +5145, dqg +5146,/ dqg lpsrvlqj ￿| ’f / zh fdq zulwh
￿|n￿ ’ ￿|￿| ’ ￿|
￿ k
￿nk
￿ ￿A du n M|o
^ n ￿￿ du n M|o
1 +5153,
;0 = t h
0 = ∆ t P





Iljxuh 514= Wkh skdvh gldjudp zkhq ￿| ’f+ehorz wkh gdvkhg olqh,1
Wkh g|qdplfv ri wkh hfrqrp|/ zkhq ￿| ’f / lv ghvfulehg e| wkh wzr0glphqvlrqdo
v|vwhp ri gl￿huhqfh htxdwlrqv +514<, dqg +5153,1 Wklv lv dqdo|}hg lq wkh skdvh
gldjudp lq Iljxuh 5141 Zh ehjlq e| ghulylqj wkh orfl dorqj zklfk kxpdq fdslwdo
dqg srsxodwlrq duh frqvwdqw1
516151 Wkh {M| ’forfxv








Zkhq ￿| h{fhhgv wkh uljkw0kdqg vlgh ri +5154,/ M lv jurzlqj ryhu wlph/ dqg
zkhq ￿| idoov ehorz wkh uljkw0kdqg vlgh M lv idoolqj/ dv looxvwudwhg lq Iljxuh 514
ehorz1










<516161 Wkh {￿| ’forfxv





















Iljxuh 514 vkrzv wkh {￿| ’forfxv/ zklfk lv d yhuwlfdo olqh1 Dv vkrzq/ ihuwlolw|
lv deryh xqlw| +lpso|lqj wkdw wkh srsxodwlrq lv jurzlqj, zkhqhyhu M| :M f/ dqg
ehorz xqlw| zkhq M| ￿M f1
516171 Wkh wudqvlwlrq iurp d Pdowkxvldq wr d Srvw0Pdowkxvldq Uhjlph
Wkh lqwhuvhfwlrq ri wkh {￿| ’forfxv dqg wkh {M| ’forfxv rffxuv dw wkh srlqw
+Mfc￿f,/ zklfk frqvwlwxwhv d vdggoh0sdwk vwdeoh vwhdg|0vwdwh htxloleulxp1 Dq
hfrqrp| zklfk vwduwv r￿ h{dfwo| wkhuh zloo uhpdlq wkhuh iru hwhuqlw|1
Dq hfrqrp| zklfk vwduwv r￿ dw d voljkwo| kljkhu lqlwldo ohyho ri srsxodwlrq
dqg kxpdq fdslwdo zloo rvwhqvleo| eh lq d vwhdg|0vwdwh htxloleulxp dw hduo| vwdjhv
ri ghyhorsphqw1 Vlqfh lw lv vlwxdwhg vr forvh wr wkh vwhdg|0vwdwh/ wkh fkdqjhv lq
kxpdq fdslwdo dqg srsxodwlrq vl}h duh yluwxdoo| }hur iru orqj shulrgv ri wlph/
zklfk lv h{dfwo| zkdw fkdudfwhul}hv wkh Pdowkxvldq Uhjlph1 Wklv pd| frqwlqxh
iru pdq| jhqhudwlrqv/ exw hyhqwxdoo| dv wkh hfrqrp| vorzo| pryhv xszdugv dqg
wr wkh uljkw +l1h1/ dv wkh srsxodwlrq vl}h/ dqg wkh ohyhov kxpdq fdslwdo vorzo|
lqfuhdvh, wkh vshhg ri fkdqjh dffhohudwhv1 Srsxodwlrq dqg kxpdq fdslwdo vwduw
jurzlqj idvwhu/ dqg wkh hfrqrp| pryhv iurp d Pdowkxvldq wr d Srvw0Pdowkxvldq
Uhjlph1
Zkdw gulyhv wklv wudqvplvvlrq lv wkh h{sorvlyh fkdudfwhulvwlfv ri wkh g|qdplf
v|vwhp lq +514<, dqg +5153,1 Dv srsxodwlrq lqfuhdvhv/ vr grhv wkh surgxfwlylw| ri
kxpdq0fdslwdo surgxfwlrq/ zklfk udlvhv wkh lqfrph ohyho ri wkh qh{w jhqhudwlrq1
Wklv lq wxuq ihhgv edfn lqwr lqfuhdvhg ghpdqg iru fkloguhq/ udlvlqj wkh srsxodwlrq
vl}h hyhq ixuwkhu/ dqg wkxv kxpdq0fdslwdo surgxfwlylw|1
Wkh idfw wkdw wkh hfrqrp| uhpdlqv dw dq doprvw frqvwdqw ohyho ri srsxodwlrq





























Iljxuh 515= Wkh wudqvlwlrq iurp d Pdowkxvldq uhjlph wr d Srvw0Pdowkxvldq1
wkh qxphulfdo looxvwudwlrq lq Iljxuh 515 vkrzv5/ erwk srsxodwlrq jurzwk +￿| ￿￿,/
dqg kxpdq fdslwdo jurzwk +M|n￿*M|￿￿,/ uhpdlq durxqg }hur iru d orqj shulrg ri
wlph/ rqo| wr vlpxowdqhrxvo| h{sorgh diwhu d odujh qxpehu ri shulrgv1 Vlpso| wkh
idfw wkdw wkh hfrqrp| vwduwv r￿ forvh wr dq xqvwdeoh vwhdg|0vwdwh htxloleulxp jlyhv
wklv suhglfwlrq= qrwklqj kdsshqv iru orqj shulrgv ri wlph/ exw wkhq/ dw vrph vwdjh/
wkh xqvwdeoh ihdwxuhv ri wkh v|vwhp wdnhv ryhukdqg/ dqg sxvkhv wkh hfrqrp| rqwr
dq h{sorvlyh wudmhfwru|1
Vlploduo|/ dv fdq eh vhhq lq Iljxuh 514/ hfrqrplhv vwduwlqj r￿ voljkwo| ehorz
wkh fulwlfdo ohyhov ri srsxodwlrq dqg kxpdq fdslwdo +Mfc￿f, zloo lqlwldoo| vkrz
vlplodu ehkdylru dv wkrvh vwduwlqj r￿ voljkwo| deryh1 Jurzwk udwhv zloo eh durxqg
}hur iru d orqj shulrg ri wlph1 Hyhqwxdoo|/ krzhyhu/ wkh| frqwudfw lqwr d }hur
kxpdq0fdslwdo vwhdg| vwdwh/ zlwk ydqlvklqj srsxodwlrq1 Wklv lv frqvlvwhqw zlwk
wkh ￿qglqj ri Nuhphu +4<<6,/ wkdw odujhu lqlwldo srsxodwlrq vl}h ohdgv wr idvwhu
whfkqrorjlfdo fkdqjh dqg srsxodwlrq jurzwk1
5Wkh sdudphwhu ydoxhv duh lghqwlfdo wr wkrvh lq Vhfwlrq 516143 ehorz1
44516181 Wkh g|qdplf v|vwhp zkhq ￿| : f
Frqvlghu wkh h{sorvlyh sdwk lq wkh skdvh gldjudp lq Iljxuh 514 djdlq1 Dv fdq eh
vhhq iurp Sursrvlwlrq 4/ wkh dffhohudwlqj jurzwk udwhv ri srsxodwlrq dqg kxpdq
fdslwdo pxvw hyhqwxdoo| pdnh hgxfdwlrq0wlph rshudwlyh/ qdpho| zkhq +5149, vwduwv
wr krog1 Lq whupv ri Iljxuh 514/ wklv kdsshqv zkhq wkh wudmhfwru| wkdw wkh hfrqrp|
lv iroorzlqj lqwhuvhfwv wkh ￿| ’fiurqwlhu1
Zkhq hgxfdwlrq wlph lv rshudwlyh/ wkh g|qdplfv ri wkh kxpdq fdslwdo vwrfn lv
jlyhq e| wkh kxpdq fdslwdo surgxfwlrq ixqfwlrq +517,/ vxevwlwxwlqj iru wkh rswlpdo










n ￿BE￿ ￿ 4￿du n M|o
&
1 +5158,
Vlploduo|/ diwhu vxevwlwxwlqj wkh h{suhvvlrq iru rswlpdo ￿| lq +5148, lqwr wkh
h{suhvvlrqv fkdudfwhul}lqj rswlpdo ihuwlolw| lq +5145, dqg +5146,/ vrph dprxqw ri




￿ E￿ ￿ B￿￿A du n M|o
^ ￿
￿u
￿E￿|￿ n ￿E￿ ￿ 4￿￿ du n M|o
/ +5159,












￿E￿|￿ n ￿E￿ ￿ 4￿￿ du n M|o
r2 ￿ f1 +515:,
Wkh lqhtxdolw| iroorzv iurp Dvvxpswlrq 4/ zklfk jxdudqwhhv wkdw kljkhu sduhqwdo
kxpdq fdslwdo ohdgv wr kljkhu ghpdqg iru txdolw| +hgxfdwlrq wlph,/ dqg wkhuhiruh
orzhu ghpdqg iru txdqwlw|1




￿ E￿ ￿ B￿￿A du n M|o
^ ￿
￿u
￿E￿|￿ n ￿E￿ ￿ 4￿￿ du n M|o
1 +515;,
Wkh g|qdplfv ri wkh hfrqrp| zkhq ￿| : f lv fkdudfwhul}hg e| wkh wzr0
glphqvlrqdo v|vwhp ri gl￿huhqfh htxdwlrqv lq +5158, dqg +515;,1 Wr nhhs wkh
dqdo|vlv frpsdudeoh wr wkdw ri wkh suhylrxv vhfwlrq/ zh ehjlq e| doorzlqj ￿| wr
eh ghfuhdvlqj/ l1h1/ zh ohw ￿| eh jlyhq e| +518, udwkhu wkdq +51<,1 Rqfh zh kdyh
vhhq zkhuh wklv ohdgv xv/ zh vkdoo dvvxph wkdw ￿| fdqqrw ghfuhdvh/ e| ohwwlqj lwv
g|qdplfv eh jlyhq e| +51<,1
45516191 Wkh {M| ’forfxv





u nE ￿￿ B￿M|
B^
￿ n ￿BE￿ ￿ 4￿du n M|o
,
1 +515<,
Wkh vorsh ri wklv orfxv ghshqgv rq wkh vljq ri E￿ ￿ B￿E^*￿￿ ￿ ￿E￿ ￿ 4￿u/
dqg zloo qrw eh hvvhqwldo iru wkh uhvw ri wkh dqdo|vlv1 +Zh kdyh gudzq lw zlwk






dv M| jrhv wr lq￿qlw|1
Srvlwlrqv deryh wklv orfxv lpso| jurzlqj ohyhov ri kxpdq fdslwdo/ dqg srvlwlrqv
ehorz lpso| idoolqj ohyhov1
5161:1 Wkh {￿| ’forfxv















Srvlwlrqv deryh wklv orfxv lpso| idoolqj srsxodwlrq/ dqg srvlwlrqv ehorz lpso|
jurzlqj srsxodwlrq1
Zh dovr pdnh wkh iroorzlqj dvvxpswlrq=
Dvvxpswlrq 71
/:f1 +5165,
Dvvxpswlrq 7 pdnhv wkh vwhdg|0vwdwh ihuwlolw| udwh lq wkh Prghuq Jurzwk
Uhjlph ohvv wkdq xqlw|/ lpso|lqj d idoolqj srsxodwlrq/ zklfk wxuqv rxw wr jlyh wkh
suhglfwlrqv zh zdqw lq wkh qxphulfdo vlpxodwlrqv1 Lw dovr pdnhv wkh dujxphqw lq
￿3￿E￿￿ lq +5163, dssurdfk }hur dv M| jrhv wr lq￿qlw|1 Iru prvw vshfl￿fdwlrqv ri
￿E￿￿/ wklv lv qhhghg wr jxdudqwhh wkdw ihuwlolw| dfwxdoo| idoov lq wkh Prghuq Jurzwk
Uhjlph1
460 = t h
0 = ∆ t P




Iljxuh 516= Wkh skdvh gldjudp zkhq ￿| :3 +deryh wkh gdvkhg olqh,1
5161;1 Wkh wudqvlwlrq wr Prghuq Jurzwk
Wkh skdvh gldjudp lq Iljxuh 516 ghprqvwudwhv wkh g|qdplfv ri wkh hfrqrp| iurp
wkh srlqw dw zklfk hgxfdwlrq wlph ehfrphv rshudwlyh/ l1h1/ zkhq wkh h{sorvlyh
wudmhfwru| lq Iljxuh 514 lqwhuvhfwv wkh ￿| ’fiurqwlhu1 Qrwh wkdw wkh {M| ’f
orfxv lq wkh fdvh zkhuh ￿| ’fpxvw frlqflgh zlwk wkh {M| ’forfxv lq wkh fdvh
zkhuh ￿| : f h{dfwo| zkhuh wkh| lqwhuvhfw wkh ￿| ’fiurqwlhu1 Vlqfh wkh h{sorvlyh
wudmhfwru| iurp Iljxuh 514 pxvw olh deryh wkh {M| ’forfxv lq Iljxuh 514/ lw pxvw
euhdn wkurxjk wkh ￿| ’fiurqwlhu lq d vhfwlrq deryh wkh {M| ’forfxv lq Iljxuh
516/ mxvw dv gudzq1
Lq rwkhu zrugv/ rqfh hgxfdwlrq wlph kdv ehfrph rshudwlyh/ erwk srsxodwlrq
dqg kxpdq fdslwdo frqwlqxhv wr jurz1 Krzhyhu/ srsxodwlrq jurzv dw d vorzhu dqg
vorzhu sdfh/ xqwlo lw hyhqwxdoo| lqwhuvhfwv wkh {￿| ’forfxv/ dqg vwduwv wr idoo1
Kxpdq fdslwdo/ rq wkh rwkhu kdqg/ jurzv dw dq lqfuhdvlqj udwh/ xqwlo hyhqwxdoo|
wkh orzhu srsxodwlrq vl}h vsloov ryhu wr orzhu ￿|1 Wklv vwrsv wkh jurzwk ri kxpdq
fdslwdo/ zklfk vwduwv wr idoo dv wkh hfrqrp| lqwhuvhfwv wkh {M| ’forfxv/ diwhu
zklfk erwk kxpdq fdslwdo dqg srsxodwlrq duh idoolqj1
Dv kxpdq fdslwdo idoov/ ihuwlolw| jrhv xs ^vhh +515:,‘/ dqg hyhqwxdoo| srsxodwlrq
vwduwv lqfuhdvlqj/ sxvklqj ￿| xszdugv djdlq1 Wklv hyhqwxdoo| pdnhv kxpdq fdslwdo
vwduw jurzlqj/ dv wkh wudmhfwru| lqwhuvhfwv wkh {M| ’forfxv rqfh djdlq/ zklfk
47frpsohwhv rqh urxqg ri d f|folfdo sdwwhuq/ wkh ehjlqqlqj ri zklfk lv vnhwfkhg lq
Iljxuh 5161
5161<1 Luuhyhuvleoh ￿|
Lq vkruw/ wklv f|folfdo ehkdylru vwhpv iurp wkh idfw wkdw wkh srsxodwlrq ghfolqh
lq wkh Prghuq Jurzwk Uhjlph sxvkhv wkh hfrqrp| edfn lq wlph/ iruflqj lw wr
uhshdw ghprjudsklf wudqvlwlrq/ dqg jurzwk vsxuw/ ryhu dqg ryhu djdlq1 Wkh nh|
hohphqw lv wkh kxpdq fdslwdo surgxfwlylw| sdudphwhu/ ￿|/ zklfk vwduwv idoolqj
zlwk srsxodwlrq1 Krzhyhu/ wkhuh duh jrrg uhdvrqv wr eholhyh wkdw lpsuryhphqwv
lq hgxfdwlrq surgxfwlylw| duh qrw wkdw hdvlo| uhyhuvhg1 Iru lqvwdqfh/ fhuwdlq whfk0
qltxhv dqg vnloov frxog pdnh srsxodwlrq vl}h +dqg srsxodwlrq ghqvlw|, lwvhoi ohvv
fuxfldo iru kxpdq fdslwdo wudqvplvvlrq ehwzhhq jhqhudwlrqv1 Wudqvsruw dqg frp0
pxqlfdwlrq lpsuryhphqwv/ dv zhoo dv fkdqjhv lq wkh jhrjudsklfdo orfdwlrq ri wkh
srsxodwlrq/ frxog pdnh wkh yhu| ghshqghqf| ri ￿| xsrq ￿| revrohwh1 Iru lqvwdqfh/
wkh doskdehw/ errn sulqwlqj/ whohskrqhv/ dqg wkh lqwhuqhw doo whqgv wr pdnh wkh
zruog vpdoohu1 Dovr/ dv pruh shrsoh fkrvh wr olyh lq flwlhv/ hgxfdwlrqdo lqvwlwxwlrqv
+xqlyhuvlwlhv/ froohjhv/ hwf1, vkrxog pruh hdvlo| ￿qg d qhfhvvdu| fulwlfdo pdvv ri
nqrzohgjh/ dqg vwxghqwv1
Wr fdswxuh wklv luuhyhuvlelolw| lq kxpdq fdslwdo surgxfwlylw|/ zh fdq ohw wkh
g|qdplfv ri ￿| eh jlyhq e| +51<,/ vr wkdw ￿| fdqqrw idoo ehorz lwv ohyho lq wkh
suhylrxv shulrg1 Wklv jlyhv xv wkuhh0glphqvlrqdo v|vwhp ri gl￿huhqfh htxdwlrqv=
rqh hdfk iru M|/ dqg ￿|/ dv ehiruh/ dqg |hw wklug rqh iru ￿|1 Wkh ￿uvw wzr duh
vlpso| +5158, dqg +515;,/ zlwk ￿E￿|￿ lv uhsodfhg e| ￿|1 Wkh wklug rqh lv +51<,/
iruzdughg rqh shulrg/ dqg vxevwlwxwlqj wkh h{suhvvlrq iru ￿|n￿ lqwr wkh vhfrqg
dujxphqw lq wkh pd{lpl}dwlrq h{suhvvlrq=
￿|n￿ ’ 4@ 
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D
1 +5166,
Dv orqj dv wkh srsxodwlrq lv jurzlqj +dqg wkh lqlwldo ohyho ri ￿ lv orz hqrxjk,
￿|n￿ zloo eh jlyhq e| wkh vhfrqg dujxphqw lq wkh pd{lpl}dwlrq h{suhvvlrq/ dqg
wkh g|qdplfv duh wkh vdph dv wkrvh ghvfulehg deryh/ zlwk uhyhuvleoh ￿1 Zkhq wkh
srsxodwlrq vwduwv wr idoo krzhyhu/ ￿ vwd|v frqvwdqw ryhu wlph dw
￿
4@  ’ ￿E￿
4@ ￿/ +5167,
48zkhuh ￿4@  lv wkh vl}h ri ￿| mxvw ehiruh lw vwduwv ghfolqlqj +vhh Iljxuh 516,1 Uh0
sodflqj ￿E￿|￿ lq +5158, zlwk wklv frqvwdqw ￿4@  jlyhv d rqh0glphqvlrqdo gl￿huhqfh















zkhuh zh qrwh wkdw wkh lqwhufhsw whup lv srvlwlyh iurp Dvvxpswlrqv 4 dqg 51
Kxpdq fdslwdo zloo eh jurzlqj ryhu wlph li ￿BE￿ ￿ 4￿￿4@  : ￿ ￿ B +dv frq￿uphg
e| gudzlqj d vwdqgdug 780ghjuhh gldjudp,1 Ihuwlolw| zloo nhhs idoolqj dv kxpdq
fdslwdo jurzv/ dqg hyhqwxdoo| frqyhujh wr
*￿4
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zkhuh wkh lqhtxdolw| frphv iurp Dvvxpswlrq 71
Wr vxp xs/ rqfh hgxfdwlrq wlph kdv ehfrph rshudwlyh/ srsxodwlrq vwduwv jurz0
lqj vorzhu/ hyhqwxdoo| uhdfkhv lwv pd{lpxp/ dqg wkhq vwduwv idoolqj1 Iurp wklv
srlqw lq wlph/ ￿ uhpdlqv frqvwdqw1 Kxpdq fdslwdo frqwlqxhv wr jurz dw d vwhdg|
udwh zkloh wkh srsxodwlrq idoov/ dqg hyhqwxdoo| ydqlvkhv1
5161431 Vlpxodwlrqv
Iljxuh 7 vkrzv d qxphulfdo h{dpsoh ri krz wkh g|qdplfv ri kxpdq fdslwdo dqg
srsxodwlrq orrnv dv wkh hfrqrp| wudqvlwv iurp d Pdowkxvldq Uhjlph/ yld d Srvw0
Pdowkxvldq Uhjlph/ wr d Prghuq Uhjlph1 Wkh ￿uvw sduw lv lghqwlfdo wr Iljxuh
515/ dqg wkh frqwlqxdwlrq vkrzv zkhuh wkdw h{sorvlyh sdwk hyhqwxdoo| ohdgv1






zklfk fohduo| vdwlv￿hv Dvvxpswlrq 41 Wkh uhpdlqlqj sdudphwhu ydoxhv duh fkrvhq
dv lq Wdeoh 5141
Wkh sduwlfxodu qxphulfdo h{dpsoh lv qrw fkrvhq wr uhsolfdwh dq| txdqwlwdwlyh
ihdwxuhv ri gdwd/ exw udwkhu wr jlyh dq ryhuylhz ri wkh uhvxowv ri wkh prgho1
Wkh pdlq uhvxow lv fdswxuhg e| Iljxuh 517/ zklfk vkrzv wkh srsxodwlrq jurzwk
udwh +￿|￿￿, dqg kxpdq fdslwdo jurzwk udwh +M|n￿*M|￿￿,/ iurp shulrg 8 wr 5331
49Sdudphwhu 4 B k A ￿ ^ ￿ u ￿W
Ydoxh 1: 1:8 4 4 178 4:18 4 633 48




























Iljxuh 517= Wkh zkroh wudqvlwlrq iurp d Pdowkxvldq Uhjlph/ yld d Srvw0
Pdowkxvldq/ wr d Prghuq Jurzwk uhjlph1
Zh ohw wkh hfrqrp| vwduw r￿ zlwk d srsxodwlrq vl}h/ dqg d kxpdq fdslwdo vwrfn/
43( deryh wkhlu uhvshfwlyh fulwlfdo ohyhov +￿f dqg Mf,1 Wkh ￿uvw frxsoh ri shulrgv
wkh hfrqrp| pryhv wr wkh h{sorglqj wudmhfwru|/ dv looxvwudwhg lq Iljxuh 514/ zklfk
lv zk| zh vwduw frxqwlqj iurp shulrg 81
Dv vhhq/ erwk srsxodwlrq dqg kxpdq fdslwdo jurzwk udwhv olh idluo| frqvwdqw
durxqg }hur iru wkh ￿uvw 433 shulrgv1 Wklv lv wkh Pdowkxvldq uhjlph1 Wkhq
wkh| erwk vwduw lqfuhdvlqj/ xs xqwlo dssur{lpdwho| shulrg 4831 Wklv lv wkh Srvw0
Pdowkxvldq Uhjlph1 Vxgghqo|/ lq shulrg 488/ srsxodwlrq jurzwk gursv +iurp do0
prvw 43( wr qhjdwlyh/ lq wklv qxphulfdo h{dpsoh,/ zkhuhdv kxpdq fdslwdo jurzwk
vkrrwv xs +iurp durxqg 43(/ wr durxqg 56(/ lq wklv h{dpsoh,1 Diwhu derxw 8
shulrgv/ wkh hfrqrp| kdv vwdelol}hg dw kljk srvlwlyh kxpdq fdslwdo jurzwk/ dqg
qhjdwlyh srsxodwlrq jurzwk1 Wklv lv wkh Prghuq Jurzwk Uhjlph1
4:61 Frqfoxvlrqv
Wkh dlp ri wklv sdshu lv wr uhsolfdwh wkh vw|ol}hg idfwv ri wkh hfrqrplf dqg ghpr0
judsklf ghyhorsphqw ri zhvwhuq vrflhw| wkh odvw frxsoh ri ploohqqld/ dv ghvfulehg
e| Jdoru dqg Zhlo +4<<<,1 Xqghu dq lqlwldo Pdowkxvldq Uhjlph wkh jurzwk udwhv
ri srsxodwlrq dqg lqfrph duh erwk orz/ dqg wkh uhodwlrq ehwzhhq lqfrph dqg srs0
xodwlrq jurzwk lv srvlwlyh1 Wkhuhdiwhu iroorzv d Srvw0Pdowkxvldq Uhjlph/ zkhuh
wkh jurzwk udwhv ri lqfrph dqg srsxodwlrq duh kljkhu/ exw wkh uhodwlrq ehwzhhq
lqfrph dqg srsxodwlrq jurzwk lv vwloo srvlwlyh1 Ilqdoo|/ wkh hfrqrp| wudqvlwv lqwr
d Prghuq Jurzwk Uhjlph/ lq zklfk wkh srsxodwlrq jurzwk udwh lv orz/ exw wkh
jurzwk udwh ri lqfrph lv kljkhu wkdq lq wkh Srvw0Pdowkxvldq Uhjlph/ dqg wkh
uhodwlrq ehwzhhq lqfrph dqg srsxodwlrq jurzwk lv qhjdwlyh1
Wkh prgho zh xvh lv d yhuvlrq ri wkdw xvhg e| Ehfnhu hw do1 +4<<3,/ Hkuolfk
dqg Oxl +4<<4,/ dqg Wdpxud +4<<9,1 Djhqwv duh eruq zlwk d fhuwdlq dprxqw ri
kxpdq fdslwdo/ dqg ghflgh rq krz pxfk wr hgxfdwh hdfk fklog/ dqg krz pdq|
fkloguhq wr uhdu1 Hgxfdwlrq wlph lv frqvwudlqhg wr }hur lq wkh Pdowkxvldq dqg wkh
Srvw0Pdowkxvldq uhjlphv1 Wkhuhiruh/ gxh wr d frqvxpswlrq jrrgv frvw ri uhdulqj
fkloguhq/ lqfuhdvhg sduhqwdo kxpdq fdslwdo ohdgv wr kljkhu ghpdqg iru fkloguhq/
zklfk h{sdqgv wkh srsxodwlrq vl}h1
Pruhryhu/ wkh surgxfwlylw| lq wkh kxpdq fdslwdo vhfwru ri wkh hfrqrp| lv dv0
vxphg wr lqfuhdvh zlwk srsxodwlrq vl}h/ lq d pdqqhu vlplodu wr Jdoru dqg Zhlo
+5333,1 Wklv pdnhv wkh g|qdplfv ri wkh hfrqrp| h{sorvlyh1 Krzhyhu/ dq hfrq0
rp| vwduwlqj r￿ yhu| forvh wr dq xqvwdeoh vwhdg| vwdwh zloo uhpdlq dw d yluwxdoo|
frqvwdqw srsxodwlrq vl}h wkurxjk d orqj shulrg ri wlph1 Wklv lv wkh Pdowkxvldq
Uhjlph1 Hyhqwxdoo| wkh xqvwdeoh ihdwxuhv ri wkh v|vwhp vhwv lq dqg wkh hfrqrp|
wudqvlwv wr d Srvw0Pdowkxvldq Uhjlph1
Wkh wudqvlwlrq lqwr wkh Prghuq Jurzwk Uhjlph vhwv lq dv wkh qrq0qhjdwlylw|
frqvwudlqw rq hgxfdwlrq wlph vwrsv wr eh elqglqj/ dqg sduhqwv vwduw lqyhvwlqj wlph
lq wkhlu r￿vsulqj/ l1h1/ wkh| vxevwlwxwh txdqwlw| iru txdolw|1 Wkh jurzwk udwhv
vkrrwv xs/ dqg ihuwlolw| idoov wr qhjdwlyh qxpehuv1
Gl￿huhqw iurp prvw hduolhu zrun/ rxu prgho vxjjhvwv wkdw wkh lqgxvwuldo uhy0
roxwlrq zdv qrw dw doo lqhylwdeoh1 Ehfdxvh li wkh lqlwldo ohyhov ri srsxodwlrq dqg
kxpdq fdslwdo duh voljkwo| wrr orz/ wkh hfrqrp| lv grrphg wr ydqlvk1 Krzhyhu/
li lw vwduwv r￿ forvh hqrxjk wr wkh fulwlfdo ydoxhv/ iru d orqj wlph lw zloo eh kdugo|
glvwlqjxlvkdeoh iurp dq hfrqrp| zklfk vwduwv r￿ voljkwo| deryh wkh fulwlfdo ydo0
xhv/ dqg lv vhw wr jr wkurxjk dq lqgxvwuldo uhyroxwlrq1 Wklv lv lq olqh zlwk wkh
revhuydwlrq ri Nuhphu +4<<6,/ wkdw lqlwldo srsxodwlrq vl}h kdv d srvlwlyh h￿hfw rq
vxevhtxhqw srsxodwlrq jurzwk1 Lw dovr h{sodlqv zk| vr pdq| flylol}dwlrqv kdyh
ydqlvkhg iurp hduwk1
Wkh uhvxowv ri wklv sdshu zrxog eh vwuhqjwkhqhg li zh doorzhg iru fkdqjhv lq
4;pruwdolw|1 Ohwwlqj wkh dyhudjh/ ru djjuhjdwh/ kxpdq fdslwdo vwrfn lq xhqfh wkh
orqjhylw| sdudphwhu A/ wkh h{sorvlyh ehkdylru ri wkh hfrqrp| zrxog eh uhlqirufhg1
Dv A lqfuhdvhv/ sduhqwv kdyh pruh h￿hfwlyh wlph/ zklfk lqfuhdvhv ghpdqg iru
fkloguhq/ dqg udlvhv srsxodwlrq vl}h1 Wklv vsloov ryhu wr kljkhu kxpdq fdslwdo
surgxfwlylw|/ dqg lqfuhdvlqj ohyhov ri kxpdq fdslwdo dfurvv jhqhudwlrqv/ ihhglqj
edfn wr wkh orqjhylw| sdudphwhu A1 Dvvxplqj wkdw wkhuh lv dq xsshu erxqg rq
A/ wklv h￿hfw zrxog ydqlvk dw vrph vwdjh ri hfrqrplf ghyhorsphqw1 Wklv zrxog
￿uvw pdnh pruwdolw| idoo +dv orqjhylw| lqfuhdvhv,/ wrjhwkhu zlwk lqfuhdvlqj ihuwlolw|/
zkhuhdiwhu pruwdolw|  dwwhqv rxw/ dqg ihuwlolw| idoov dv hgxfdwlrq wlph ehfrphv
rshudwlyh1 Zh kdyh fkrvhq wr ohdyh wklv phfkdqlvp rxw ri wkh prgho vlpso| wr
pdnh lw hdvlhu wr xqghuvwdqg1
Uhihuhqfhv
^4‘ Ehfnhu/ J1V1/ N1P1 Pxusk| dqg U1 Wdpxud/ 4<<3/ Kxpdq fdslwdo/ ihuwlolw|/
dqg hfrqrplf jurzwk/ Mrxuqdo ri Srolwlfdo Hfrqrp| 8/ 4506:1
^5‘ Hkuolfk/ L1 dqg I1W1 Oxl/ 4<<4/ Lqwhujhqhudwlrqdo wudgh/ orqjhylw|/ dqg hfr0
qrplf jurzwk/ Mrxuqdo ri Srolwlfdo Hfrqrp| <</ 435<0438<1
^6‘ Jdoru/ R1/ dqg G1 Zhlo/ 4<<</ Iurp Pdowkxvldq Vwdjqdwlrq wr Prghuq
Jurzwk/ Dphulfdq Hfrqrplf Uhylhz ;</ 48304871
^7‘ ￿￿￿ / 5333/ Srsxodwlrq/ Whfkqrorj|/ dqg Jurzwk= Iurp wkh Pdowkxvldq
Uhjlph wr wkh Ghprjudsklf Wudqvlwlrq dqg Eh|rqg/ Dphulfdq Hfrqrplf
Uhylhz +iruwkfrplqj,1
^8‘ Kdqvhq/ J1G1/ dqg H1F1 Suhvfrww/ 4<<;/ Pdowkxv wr Vrorz/ QEHU Zrunlqj
sdshu 9;8;1
^9‘ Mrqhv/ F/ 4<<</ Zdv wkh lqgxvwuldo uhyroxwlrq lqhylwdeohB Hfrqrplf jurzwk
ryhu wkh yhu| orqj uxq/ plphr/ Vwdqirug Xqlyhuvlw|1
^:‘ Nuhphu/ P1/ 4<<6/ Srsxodwlrq jurzwk dqg whfkqrorjlfdo fkdqjh= rqh ploolrq
E1F1 wr 4<<3/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ 9;40:491
^;‘ Odjhuoøi/ Q10S1/ 4<<:d/ Hqgrjhqrxv ihuwlolw| dqg wkh rog0djh vhfxulw| k|srwk0
hvlv= D qrwh/ Mrxuqdo ri Sxeolf Hfrqrplfv 97/ 5:<05;91
^<‘ Qlvklpxud/ N1 dqg M1 ]kdqj/ 4<<5/ Sd|0dv0|rx0jr sxeolf shqvlrqv zlwk hq0
grjhqrxv ihuwlolw|/ Mrxuqdo ri Sxeolf Hfrqrplfv 7;/ 56<058;1
4<^43‘ Wdpxud/ U1/ 4<<9/ Iurp ghfd| wr jurzwk= d ghprjudsklf wudqvlwlrq wr hfr0
qrplf jurzwk/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 53/ 456:045941
53